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INTRODUCTION
Recently, the refractive index can easily be controlled to make the periodic structures such

as optoelectronic devices, photonic bandgap crystals , frequency selective devices, and other
applications by the development of manufacturing technology of optical devices('). Thus, the
scattering and guiding problems of the inhomogeneous gratings have been considerable inter-
est, and many analytical and numerical methods which are applicable to the dielectric gratings
having an arbitrarily periodic structures combination of dielectric and metallic materials( 2 ].

In this paper, we proposed a new method for the scattering of electromagnetic waves by in-
homogeneous dielectric gratings with perfectly conducting strip using the combination of im-
proved Fourier series expansion method (3 1 and point matching method'] 1.

METHOD OF ANALYSIS
We consider inhomogeneous dielectric gratings with perfectly conducting strip as shown in

Fig. 1 (a). The grating is uniform in the y-direction and the permittivity 6(x, z) with respect to

the position( =w) is an arbitrary periodic function of z with period p.The permeability is as-
sumed to be ~u,. The time dependence is exp(-itot) and suppressed throughout. In the formu-
lation, the TM wave is discussed. When the TM wave (the magnetic field has only the y-
component jis assumed to be incident from x > 0 at the angle 00, the magnetic fields in the
regions S, (x Ž0) and S, (x ý -d) are expressed'3 ' as

S, (X Ž!0) Hi," = e"AI(zsinOxcosO(, + e ARZII, 1' (1 r)ei(k( A+2,I/zp) k ca £/o 1
n=-N

S3 (x•!ý-d) : l:') ei~zi8j 3)e-(k,(,(x+d)-2;ru~pj (2)
n=-N

k1 'K_ -~/0 - yk sinO0)+ 2fn/p , ko _`27r/A , j =1, 3.

where r,,( , and t,, are unknown coefficients to be determined by boundary conditions.
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(a)Coordinate system, (b) Approximated inhomogeneous layers.
Fig. 1 Structure of inhomogeneous dielectric grating with perfectly conducting strip.
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Main process of our method to treat these problems is as follows (see Fig. 1 (b)):
(1) First, the grating layer (-d < x < 0) is approximated by an assembly of M stratified layer of

modulated index profile with step size d,(- d/M ) approximated to step index profile

Z'1(z)[ý -((l +0.5)d,,z); =I- M], and the magnetic fields are expanded appropriately by a fi-

nite Fourier series.
2N+1 ( 1) (I) Yh(X+M\)l iktzsinO N

2 --d<x,<) H A e + B--eh e e (3)

V=n=-N

where h0') is the propagation constant in the x-direction.We get the following eigenvalue

equation in regard to hV') ]3.

A { hU/ V}2 A2U1 .A A1  I-[-u, A2  • 1- l=l~- , (4)2 , =L I..J A2 =L=,[,.II

where, U(') [u-!''r .,u4'1 ,...ul] N, T: transpose,

4,, ,01?,,,, - y,, )1,1 + 21r(n-n0)7'7(, /p}ly()& (k, sin O0 + 2,rn/p), (5)

,,,, = - )e 2;r(nzIn)z/pdz ,=pA P )(z 2 i21df-mflpZ , m,n =-N,.,,..N
p p

For the TM case, the permittivity profile approximated by a Fourier series of Nuf terms1 3 )

and Nrf is related to the modal truncation number N( N = 1.5Nf ) [3j..

(2) Second, the strip region (j <l < j + 1), see Fig. l(b), we obtain the matrix form combination
of metallic region C and the dielectric region C using boundary condition at the matching
points zk (= pk /(2N + 1), k = 0,. .2N) on x = -1- d (1 = j) .Boundary condition are as follows:

2N+.1 N

z, eC :[E E<.+, - 0] Y h, A) e [ A_,,,Y',"- .,]_ = 0, (6)
"='I.

21V l N

2N+I IV
h,(j) (Pe B) ih e'-,d

Z [AV~iI~~Is+ B~ ] ~ h"~"+'> ~ [ A<"s+'1 + B,. 'e"..... ]" Z u<,'+e""~ (7)

z , 6 C [ E" 1: ]. -,.v

ZN+ N [E 2  ~'' e z 2N+~I w •i) .......~~ N u(7)~z

•,[A<•e'' -, " ', 2'N + = L A 1!Y' 1 + B~i ')'e""''" ] ' Z ,,=v"+"e- (8).

In the Eq.(8), the boundary condition at E!2 ,11 
- E%',.J 1), it is satisfied in all matching points.

Therefor, rearranging after multiplying both sides Ej (z) -c,+,(z) in Eq.(8) by using the or-

thogonality properties of f{ei 2ffnilp I 'We get following equation.

2N=iI [Ane=~" - NB' '=2 I -n=]-N XJ1

NN(2N+9

where (I u ) A 71 ", ( A U l U+ ) (.) -N, 0,..N.
=-N' 117=)

By using matrix algebra in Eq.(9), we get following matrix form.

h:)C(-' [D )A, '" - B _"., = -h•(+' ) -A(10+'))B+'+' T (10)

where 4 ,.s) 4ý j)], T/') [,(+l)] ( 1i) CI-A [h='1 
- 3{.n+N+I).,D)
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Kronecker's delta.We get following matrix form combined with Eq.(6) and Eq.(7).
H'(J)[D'(-/)A(J)+D",'/)B(/)]=H'•/+[)[A(J+')+D'(J+')B(J+I)] @ @ @ @ @ @ @ 1)

iD'j .J))- [re"•/'% • i, Nl,.• ] .
H (j)= e-iNzk ... eN°zk ... ei zk k C hvj);z I z E -

HV e -' c, 17l;.kEC

Le1Nk ... e , ... e" i' } j-Zk l K=-hi) ;"ZE C,,l=77 Zk E

H (.. )- 0 ... 0 ... 0 Z k G- C .u J I lJ J l 'ln _ j+l) e i 8 , u l.]h!.J+" d,H~(~)[~Yz U(ojl ,'Z C*1 DIIj+II-A [hJI eih"d 4(n*N+I lV]

e mzk izk eiNzk } Zk E 'C

(3) Finally, we obtain the relationship between A('), B(" and A"M), B(M) .

k(:)A / )(SI " S(22 )(. './•S( S12M I MI A S (12)
B( , s3 " s 4 ") NsY)' s'4(j) 5 s< 5(M s4M BI V )U S3 S4 j)1]

where/1# j S( ') ["'V ]rg'._ k =I- 4, 1=l~ -M,
1)S . L( n +•0- e/) + -ih"!

1
d' (I) S(2) A(/) ( e -h,, ') I dA

IIn) -- ntly n+N+I eno -- •n~vyN+1 / ]" ...
1y) = F A [V,(, ny /n(+N h('1/2 )0 _ (4) A ,Iv n0 NI h(' I] e ",e ..'3~ ~n,v ' nV ' n+N+l * V an'V 2 L 1- . + n +N+1

l=j FS( -A [,'l,,] &Y,' A_[v,,I'_ +.d,', ]' [v. , 0,,.v] D(J) A-1

W,~~~~~~~~~~~~~~~~~ •2 AV()di ()- ,.d +)]C) n3A[V1+ -"jI[j1V2 - D-•'(i) 0
.LV.-1 . 1,,1 d +D-I/ I

4) A v'l A [v+D" "] -,[ [H' () ] D [ ()]

o ) 0j=[h ] [c ]i [j+('"][C.i+'I]

Using Eq.(12), we get the following homogeneous matrix equation in regard to A(M).

W.AIm) =F, W-[LQISI+Q 2 S 3 -(Q1 S2 +Q 2S4 )Q'Q 3 J, (13)

The mode power transmission coefficients I T,"r) 21 is given by

I,(I • 6, Re{ f•,}It( 3/(Ek(')) (14)

CONCLUSION
In this paper, we have proposed a new method for the scattering of electromagnetic waves

by inhomogeneous dielectric gratings with perfectly conducting strip using the combination of
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